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57 ABSTRACT 

A radio frequency power amplification module includes: a 
radiation Section; a printed circuit board attached to the 
radiation Section; a Semiconductor device for power 
amplification, mounted on the printed circuit board; and a 
cap. The radiation Section includes a plurality of radiation 
boards, the plurality of radiation boards at least including a 
first radiation board as a lowermost layer, and a Second 
radiation board attached onto the first radiation board, the 
first radiation board being coupled to the cap. 

23 Claims, 12 Drawing Sheets 

x S X X. X 

13 1 

  

  

  

  



U.S. Patent Nov. 17, 1998 Sheet 1 of 12 5,838,543 

  



U.S. Patent Nov. 17, 1998 Sheet 2 of 12 5,838,543 

FIG. 2A FIG.2C 
105 

( 

PRIOR ART 

t=1 ) 

5 

2 (t=0.7mm) (t=0.3mm) 1 O1 (t= 1. Omm 

FIG.2B FIG.2D PRIOR ART 

1 101 

FIG.2E 

105 



U.S. Patent Nov. 17, 1998 Sheet 3 of 12 5,838,543 

FIC. 3A 
  



U.S. Patent Nov. 17, 1998 Sheet 4 of 12 5,838,543 

2 

9- R-4 Exxxxxxxxx xxxx Eye7ee 7 Nyas 27 ZZZZYZ 

2 2 XXX XXXXXX assa 

ZZZZ 22 

  

    

  



U.S. Patent Nov. 17, 1998 Sheet S of 12 5,838,543 

FIG. 5A 18 

  



U.S. Patent Nov. 17, 1998 Sheet 6 of 12 5,838,543 

  



U.S. Patent Nov. 17, 1998 Sheet 7 of 12 5,838,543 

11 

  



5,838,543 Sheet 8 of 12 Nov. 17, 1998 U.S. Patent 

FIG. 8A 

FIG. 8B 

FIG. 8C 

  



U.S. Patent Nov. 17, 1998 Sheet 9 of 12 5,838,543 

FIG. 9A 
105 

107 

- 106 xxxii. x: 
2X2 - 101 

113 

PRIOR ART 

PRIOR ART 

  

  



U.S. Patent Nov. 17, 1998 Sheet 10 of 12 5,838,543 

FIC. 1 OA 

AAA 

110 3 101 

PRIOR ART 

FIC. 1 OB 105 

PRIOR ART 

  

  



U.S. Patent Nov. 17, 1998 Sheet 11 of 12 5,838,543 

FIC. 1 1A 
101 

t2 t1 

t r 
124 124 

FIC. 1 1 B 
1 O1 

t , 



U.S. Patent Nov. 17, 1998 Sheet 12 of 12 5,838,543 

FIC. 12 

40 

38 

Pressing --O-- Non-Soldered 
proCeSS -o- Soldered 

FSS 34 

Cutting - - O - Non-SOdered 
proCeSS -0- Soldered 

32 
1 450 1460 1470 148O 

Frequency (MHz) 

  



5,838,543 
1 

RADIO FREQUENCY POWER 
AMPLIFICATION MODULE 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates to a radio frequency (high 
frequency) power amplification module including a radio 
frequency (high frequency) power amplification circuit 
incorporating Semiconductor devices for power amplifica 
tion and various chip components. 

2. Description of the Related Art 
In recent years, there has been an increasing demand for 

radio frequency (RF) power amplification modules operat 
ing in the microwave band, due to the prevalence of com 
munication equipment Such as mobile phones. Specifically, 
an RF power amplification module is defined as an RF 
power amplifier including a Semiconductor device for power 
amplification (e.g., power FET) and chip components (e.g., 
resistors and/or capacitors) mounted on a printed circuit 
board bearing micro-Strip lines formed thereon. 

In the following description, the term “power FET will 
be used for conciseness to represent a power Semiconductor 
device for power amplification employed in Such an RF 
power amplification module. 
An RF power amplification module is used for the trans 

mitter of mobile communication equipment Such as a mobile 
phone. Therefore, the properties of the RF power amplifi 
cation module, e.g., shape, efficiency, etc. are critical to 
various factors of the mobile communication equipment, 
e.g., size, maximum length of talk time, etc. Furthermore, 
the RF power amplification module is one of the most 
power-consuming components among all the components 
incorporated in communication equipment, and therefore, 
radiation of heat (hereinafter, also referred to simply as 
“radiation”) from the RF power amplification module has 
always been an important issue. 

In this specification, the phrase “radiation of heat' or 
“radiation' is used for expressing the Similar meaning with 
the phrase “heat dissipation'. 
A generally employed method for improving the radiation 

of an RF power amplification module is to Solder a printed 
circuit board of the RF power amplification module on a 
metal radiation board, the entire RF power amplification 
module being further accommodated (i.e., enclosed or 
covered) by a metal cap. 

FIGS. 9A and 9B are a cross-sectional view and an 
exploded perspective view, respectively, showing an exem 
plary configuration of a conventional RF power amplifica 
tion module. FIG. 9A shows a cross section taken at line 
9A-9A in FIG. 9B. 

In the illustrated RF power amplification module, a 
printed circuit board 106, on which circuit components are 
mounted, is soldered onto a radiation board 101. A power 
FET 107 used in the output stage of the module, which 
consumes a particularly large amount of power among all 
the circuit components employed, is directly Soldered onto 
the radiation board 101 via a through hole 113 provided in 
the printed circuit board 106 for increased radiation. The 
thickness of the radiation board 101 must be relatively large 
in order to improve the radiation characteristics of the RF 
power amplification module. 

Furthermore, the radiation board 101 is attached to a 
metal cap 105, which is disposed So as to enclose or cover 
the circuit components, etc. mounted on the printed circuit 
board 106. Specifically, the attachment between the metal 
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2 
cap 105 and the radiation board 101 is achieved through the 
engagement of a hook 123 of the metal cap 105 into a groove 
124 on the bottom of the radiation board 101. 

Especially in the case where the RF power amplification 
module is designed to operate in the microwave band, the 
coupling between the metal cap 105 and the radiation board 
101 is important. An unsatisfactory coupling therebetween 
would result not only in degradation of the radiation, but 
also in slight differences between the electrical potentials of 
various portions of the metal cap 105 and the ground 
potential, thereby unfavorably affecting the RF performance 
of the RF power amplification module. Therefore, in the RF 
power amplification module having the configuration shown 
in FIGS. 9A and 9B, the radiation board 101 is required to 
be processed at high precision. 
The processing of the radiation board 101 can be 

achieved, for example, by cutting or pressing. In general, the 
cutting process, which provides excellent precision, is not 
ideal for mass production because of the high production 
cost it incurs. On the other hand, pressing proceSS employing 
molds is excellent for mass production but is inferior in 
precision. Any attempts to increase the precision of the 
pressing process for obtaining the radiation boards would 
result in a large increase in the production cost. 

FIGS. 10A and 10B are a cross-sectional view and an 
exploded perspective view, respectively, showing an exem 
plary configuration of a conventional RF power amplifica 
tion module having an intermediate output power level (e.g., 
output power of about 1W). FIG. 10A shows a cross section 
taken at line 10A-10A in FIG. 10B. 

In the illustrated RF power amplification module, a 
printed circuit board 106, on which circuit components are 
mounted, is soldered onto a radiation board 101. A power 
FET 107 used in the output stage of the module, which 
consumes a particularly large amount of power among all 
the circuit components employed, is directly Soldered onto 
the radiation board 101 via a through hole 113 provided in 
the printed circuit board 106 for increased radiation. The 
thickness of the radiation board 101 must be relatively large 
in order to improve the radiation characteristics of the RF 
power amplification module. 

Furthermore, the radiation board 101 is attached to a 
metal cap 105, which is disposed So as to enclose or cover 
the circuit components, etc. mounted on the printed circuit 
board 106. Specifically, the attachment between the metal 
cap 105 and the radiation board 101 is achieved through the 
engagement of bumps 112 provided on bent portions 111 of 
the metal cap 105 into dents 109 provided on claws 108 of 
the radiation board 101. The bent portions 111 of the metal 
cap 105 abut with projections 110 of the radiation board 101. 
As the radiation board 101, a processed flat plate typically 

having a thickness of about 0.3 mm is used. In the case of 
a conventional RF power amplification module having out 
put power about 1 W, the radiation board 101 having such a 
thickness is Sufficient to provide Satisfactory radiation 
effects. However, a further improvement in the radiation 
characteristics is expected especially for increasing the 
output power of the RF power amplification module and/or 
increasing the mounting density of components, which is 
necessitated by the demand of miniaturization of commu 
nication equipment, etc. 

Increasing the thickness of the radiation board 101 can 
effectively improve the radiation characteristics. However, 
the configuration illustrated in FIGS. 10A and 10B does not 
allow the thickness of the radiation board 101 to be overly 
increased because (1) an increased thickness of the radiation 
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board 101 makes it difficult to bend the claws 108; and 
because (2) an increased thickness of the radiation board 101 
adds to the overall size of the RF power amplification 
module, contrary to the demand of miniaturization, irrespec 
tive of whether or not the thickness of the radiation board 
101 allows bending of the claws 108. 
Advances in the miniaturization of communication equip 

ment require further miniaturization of the RF power ampli 
fication modules included therein, and in turn further 
improvement in the radiation characteristics thereof. 
However, in the conventional configuration shown in FIGS. 
9A and 9B, the processing precision of the radiation board 
101 exerts a large influence on the RF characteristics of the 
RF power amplification module in operation, thereby mak 
ing it difficult to mass-produce RF power amplification 
modules which combine both Small size and Stable opera 
tion. On the other hand, in the conventional configuration 
shown in FIGS. 10A and 10B, it is difficult to improve the 
radiation characteristics by increasing the thickness of the 
radiation board 101 because of the problems concerning the 
processing facility and size of the radiation board 101. 

Thus, conventional techniques cannot mass-produce RF 
power amplification modules which are capable of Stable 
operation while meeting various demands Such as miniatur 
ization and improvement in the radiation characteristics. 

SUMMARY OF THE INVENTION 

A radio frequency power amplification module of the 
present invention includes: a radiation Section; a printed 
circuit board attached to the radiation Section; a Semicon 
ductor device for power amplification, mounted on the 
printed circuit board; and a cap. The radiation Section 
includes a plurality of radiation boards, the plurality of 
radiation boards at least including a first radiation board as 
a lowermost layer, and a Second radiation board attached 
onto the first radiation board, the first radiation board being 
coupled to the cap. 

Preferably, the second radiation board is thicker than the 
first radiation board. 

Preferably, the first radiation board includes a resilient 
material and the Second radiation board includes a material 
having a high thermal conductivity. 

In one embodiment, a concave portion is formed in a 
portion on a Surface of the Second radiation board corre 
sponding to the mounted Semiconductor device for power 
amplification. 

In another embodiment, a through hole is provided in the 
Second radiation board. 

In Still another embodiment, a groove is formed at one end 
of the Second radiation board. 

In Still another embodiment, on at least a Surface of the 
Second radiation board that is attached onto the first radia 
tion board, at least one end is chamfered. 

According to another aspect of the present invention, a 
radio frequency power amplification module includes: a 
radiation Section including a plurality of radiation boards, a 
printed circuit board attached to the radiation Section; and a 
Semiconductor device for power amplification, mounted on 
the printed circuit board. A common through hole is pro 
vided in the printed circuit board, and one of the plurality of 
radiation boards that is attached onto the printed circuit 
board. 

According to Still another aspect of the present invention, 
a radio frequency power amplification module includes: a 
radiation Section; a printed circuit board attached to the 
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4 
radiation Section; a Semiconductor device for power 
amplification, mounted on the printed circuit board; and a 
cap. A projection is provided on the radiation Section and a 
projection is provided on the cap, both of the projections 
having bottom faces at the same level with each other. 

Preferably, the radiation section includes a plurality of 
radiation boards. 

According to Still another aspect of the present invention, 
a radio frequency power amplification module includes: a 
radiation Section; a printed circuit board attached to the 
radiation Section; and a Semiconductor device for power 
amplification, mounted on the printed circuit board. A 
through hole is provided in the printed circuit board, and a 
projection is provided into the through hole, the projection 
being available for positioning of the Semiconductor device 
for power amplification during mounting. 

Preferably, the radiation section includes a plurality of 
radiation boards. 

According to Still another aspect of the present invention, 
a radio frequency power amplification module includes: a 
radiation board; a printed circuit board attached to the 
radiation board; and a Semiconductor device for power 
amplification, mounted on the printed circuit board. A con 
cave portion is formed in a portion on a Surface of the 
radiation board corresponding to the mounted Semiconduc 
tor device for power amplification. 

In this specification, the phrase "radiation board(s) may 
also be referred to as “heat sink(s)", and the phrase “radia 
tion Section” may also be referred to as “heat Sink Section'. 

Thus, in accordance with the present invention, a radia 
tion Section of an RF power amplification module is com 
posed of a plurality of radiation boards Such that a first 
radiation board formed of a resilient material is coupled to 
a metal cap and a Second radiation board is formed of a 
material with a high Specific heat and excellent thermal 
conduction for improved radiation characteristics. Thus, the 
coupling between the first radiation board formed of a 
resilient material and the metal cap can be Secured for Stable 
RF operation characteristics. By prescribing the thickness of 
the Second radiation board to be large, the radiation char 
acteristics of the RF power amplification module can be 
improved without increasing the overall size thereof. 

Furthermore, according to the present invention, projec 
tions are provided with a radiation board and a metal cap, So 
that the projections are Soldered to grounded portions during 
the mounting of the RF power amplification module. Thus, 
the metal cap is Securely grounded for Stable RF operation 
characteristics. Furthermore, the thermal conduction from 
the radiation board to the metal cap improves, thereby 
improving the radiation characteristics of the RF power 
amplification module. 
By composing the radiation Section with a plurality of 

radiation boards and providing a common through hole in a 
printed circuit board and in a radiation board which is 
Soldered onto the printed circuit board, Solder is pooled in 
the through hole in the radiation board, So that Secure 
Soldering is achieved between a Semiconductor device for 
power amplification, e.g., a power FET, and the radiation 
board. As a result, the radiation characteristics of the RF 
power amplification module are improved. 

Furthermore, when providing a through hole in a printed 
circuit board included in the RF power amplification 
module, a portion of the printed circuit board corresponding 
to at least one side of the through hole is removed So as to 
obtain a through hole with at least one open Side. As a result, 
the overall size of the RF power amplification module can be 
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reduced. By forming projections in the portion where the 
printed circuit board has been removed, the power FET can 
be securely positioned in a predetermined position during 
assembly. As a result, the variation in RF operation charac 
teristics of the RF power amplification modules is reduced. 

By composing the radiation Section with a plurality of 
radiation boards and providing through holes in a radiation 
board to be soldered onto the printed circuit board, the 
melted Solder flows away in a uniform manner, So that the 
plurality of radiation boards are Securely Soldered onto one 
another. As a result, the radiation characteristics of the RF 
power amplification module are improved. 

By composing the radiation Section with a plurality of 
radiation boards and providing grooves in a radiation board 
to be Soldered onto the printed circuit board, exceSS Solder 
is prevented from leaking out onto the radiation board to be 
coupled to the metal cap. As a result, the plurality of 
radiation boards are Securely Soldered onto one another, So 
that the radiation characteristics of the RF power amplifi 
cation module are improved. 

Thus, the invention described herein makes possible 
advantage of providing a mass-producible RF power ampli 
fication module having stable operation while being Small in 
Size and having excellent radiation characteristics. 

This and other advantages of the present invention will 
become apparent to those skilled in the art upon reading and 
understanding the following detailed description with refer 
ence to the accompanying figures. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1A is a cross-sectional view showing an RF power 
amplification module according to Example 1 of the present 
invention. 

FIG. 1B is an exploded perspective view showing the RF 
power amplification module shown in FIG. 1A. 

FIG. 2A is a cross-sectional view showing the RF power 
amplification module shown in FIG. 1A. 

FIG. 2B is a plan view showing the RF power amplifi 
cation module shown in FIG. 1A. 

FIG. 2C is a cross-sectional view showing a conventional 
RF power amplification module. 

FIG. 2D is a plan-view showing the conventional RF 
power amplification module shown in FIG. 2C. 

FIG. 2E is a plan View for comparing the sizes and shapes 
of the radiation boards in the RF power amplification 
module shown in FIGS. 2A and 2B and the conventional RF 
power amplification module shown in FIG. 2C and 2D. 

FIG. 3A is a perspective view showing a portion of an RF 
power amplification module according to Example 2 of the 
present invention. 

FIGS. 3B, 3C, 3D, and 3E are plan views showing 
variations of the RF power amplification module shown in 
FIG. 3A. 

FIG. 4A is a cross-sectional view showing an RF power 
amplification module according to Example 3 of the present 
invention. 

FIG. 4B is an exploded perspective view showing the RF 
power amplification module shown in FIG. 4A. 

FIGS. 4C and 4D are partial cross-sectional views show 
ing the vicinity of a power FET of the RF power amplifi 
cation module shown in FIG. 4A. 

FIGS. 5A to 5C are plan views illustrating the shape of a 
printed circuit board included in an RF power amplification 
module according to Example 4 of the present invention. 
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6 
FIG. 6 is an exploded perspective view showing the 

configuration of an RF power amplification module accord 
ing to Example 5. 

FIG. 7A is an exploded perspective view showing an RF 
power amplification module according to Example 6 of the 
present invention. 

FIG. 7B is a partial perspective view showing a portion of 
the RF power amplification module shown in FIG. 7A. 

FIG. 7C is a partial cross-sectional view showing a 
portion of the RF power amplification module shown in FIG. 
7A. 

FIG. 8A is an exploded perspective view showing the 
configuration of an RF power amplification module accord 
ing to Example 7. 

FIGS. 8B and 8C are partial perspective views for 
describing the configuration of the RF power amplification 
module shown in FIG. 8A. 

FIG. 9A is a cross-sectional view showing a conventional 
RF power amplification module. 
FIG.9B is an exploded perspective view showing the RF 

power amplification module shown in FIG. 9A. 
FIG. 10A is a cross-sectional view showing another 

conventional RF power amplification module. 
FIG. 10B is an exploded perspective view showing the RF 

power amplification module shown in FIG. 10A. 
FIG. 11A is a Schematic cross-sectional view showing a 

radiation board included in the RF power amplification 
module shown in FIGS. 9A and 9B, the radiation board 
being obtained by a cutting process. 

FIG. 11B is a schematic cross-sectional view showing a 
radiation board included in the RF power amplification 
module shown in FIGS. 9A and 9B, the radiation board 
being obtained by a pressing process. 

FIG. 12 is a graph showing a difference in the power gains 
of the RF power amplification module shown in FIGS. 9A 
and 9B resulting from the different processing methods for 
the radiation board included therein. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

Before describing Specific examples of the present 
invention, it will be first described how the inventors were 
led to the accomplishment of the present invention. 

FIGS. 11A and 11B are schematic views showing cross 
sections (taken at line 9B-9B' in FIG. 9B) of a radiation 
board 101 obtained by a cutting proceSS and a pressing 
process, respectively. The radiation board 101 is composed 
essentially of Cu, designed to have a thickness t1 of 1.0 mm. 
The radiation board 101 is designed to have a thickness t2 
of 0.7 mm in groove portions 124 thereof. 
As shown in FIG. 11B, the pressing process tends to 

provide an insufficient processing precision, as illustrated 
the grooves 124 becoming gradually thinner toward the 
ends. This tendency increases as the designed thickness of 
the groove portions 124 decreases. On the other hand, it will 
be seen from FIG. 11A that the cutting process provides 
relatively Sufficient processing precision. 

Next, the RF operation characteristics of RF power ampli 
fication modules constructed by employing the two radiation 
boards 101 illustrated in FIGS. 11A and 11B are discussed 
with reference to FIG. 12, which is a graph showing a 
comparison between the power gains of the respective RF 
power amplification modules resulting from the different 
shapes of the radiation boards 101 (which in turn result from 
the different processing methods, i.e., cutting or pressing). 
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As seen from FIG. 12, the RF power amplification mod 
ules incorporating a radiation board 101 formed by cutting 
(indicated by O) provide a stable power gain, irrespective of 
whether or not the metal cap is Soldered onto the radiation 
board 101. However, the RF power amplification module 
incorporating a radiation board 101 formed by pressing, 
with the metal cap not being Soldered onto the radiation 
board 101 (indicated by O and a broken line), provides a 
power gain which is higher by 3 dB or more than those of 
the RF power amplification modules obtained by utilizing a 
cutting process, which is indicative of a tendency to oscil 
late. Although not shown in FIG. 12, RF power amplification 
modules incorporating a radiation board 101 formed by 
pressing also have interSample variation in power gain. 

Also as seen from FIG. 12, the power gain of a RF power 
amplification module obtained by utilizing a pressing pro 
ceSS and reinforcing the attachment between the metal cap 
and the radiation board 101 through soldering (indicated by 
o and a solid line) can be stabilized substantially to the level 
attained by RF power amplification modules obtained by 
utilizing a cutting process. Thus, it has been confirmed that 
in the conventional RF power amplification module having 
the configuration illustrated in FIGS. 9A and 9B above, the 
processing precision of the radiation board 101 has a large 
influence on the operation characteristics of the RF power 
amplification module. The requirement for the processing 
precision of the radiation board 101 is naturally expected to 
Soar with the reduction in size and thickness of the RF power 
amplification module. Therefore, in the conventional RF 
power amplification module, it is undesirable in terms of 
operation characteristics to mass-produce the radiation 
board 101 through preSS processes. 
On the other hand, the conventional RF power amplifi 

cation modules illustrated in FIGS. 10A and 10B cannot 
attain Sufficient radiation characteristics due to the con 
straints in thickness of the radiation board 101 regarding the 
bending of the claws 108. 

Hereinafter, Specific examples of RF power amplification 
modules of the present invention, which are capable of 
overcoming the above-mentioned problems associated with 
the prior art, are described with reference to the accompa 
nying figures. 

(EXAMPLE 1) 
FIGS. 1A and 1B are a cross-sectional view and an 

exploded perspective view, respectively, showing the con 
figuration of a RF power amplification module according to 
Example 1 of the present invention. FIG. 1A shows a cross 
Section taken at line 1A-1A in FIG. 1B. 
One feature of the present example is the use of two 

radiation boards, i.e., a first radiation board 1 and a Second 
radiation board 2, which are designed So as to Serve their 
respectively different functions. Specifically, the first radia 
tion board 1 is designed So as to facilitate the coupling with 
a metal cap 5, whereas the a Second radiation board 2 is 
designed So as to improve the radiation characteristics of the 
overall RF power amplification module. 

In the illustrated RF power amplification module, the first 
radiation board 1 and the Second radiation board 2 disposed 
on the first radiation board 1 define a radiation Section. A 
printed circuit board 6, on which circuit components are 
mounted, is Soldered onto the Second radiation board 2. A 
power FET 7 used in the output stage of the module, which 
consumes a particularly large amount of power among all 
the circuit components employed, is directly Soldered onto 
the second radiation board 2 via a through hole 13 provided 
in the printed circuit board 6 for increased radiation. 
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8 
AS the first radiation board 1, a flat plate typically having 

a thickness of about 0.3 mm is used, the plate being 
processed to have claws 8 having dents 9 provided thereon. 
Furthermore, the first radiation board 1 is attached to a metal 
cap 5, which is disposed so as to accommodate therein (i.e., 
enclose or cover) the circuit components, etc. mounted on 
the printed circuit board 6. Specifically, the attachment 
between the metal cap 5 and the first radiation board 1 is 
achieved through the engagement of bumpS 12 provided on 
bent portions 11 of the metal cap 5 into the dents 9 provided 
on the claws 8 of the radiation board 1. The bent portions 11 
of the metal cap 5 abut with projections 10 of the first 
radiation board 1. The first radiation board 1 is preferably 
composed of a resilient material So as to retain Sufficient 
coupling with the metal cap 5. Examples of Suitable mate 
rials for the first radiation board 1 include nickel silver, 
Stainless Steel, titanium (TI), a Ti alloy, and the like. 
Typically, the first radiation board 1 can be composed of 
nickel Silver. 

In accordance with the above-described configuration, a 
Sufficient contact area is Secured between each claw 8 of the 
first radiation board 1 and each bent portion 11 of the metal 
cap 5, thereby providing for an excellent coupling between 
the first radiation board 1 and the metal cap 5. As a result, 
the RF operation characteristics of the RF power amplifi 
cation module is Stabilized, without variation between prod 
uctS. 

Furthermore, for the sake of improved radiation, the 
Second radiation board 2 having a thickness of about 0.7 mm 
is disposed on the first radiation board 1. In accordance with 
this configuration, the thickness of the Second radiation 
board 2 can be adjusted to a desired value for improving the 
radiation characteristics. The Second radiation board 2 is 
preferably composed of a material having excellent thermal 
conductivity. Examples of Suitable materials for the Second 
radiation board 2 include copper (Cu), aluminum (Al), 
molybdenum (Mo), tungsten (W), various alloys of these 
materials, and the like. Typically, the Second radiation board 
2 can be composed of Cul. In certain applications requiring 
particular light weight, the Second radiation board 2 may be 
formed essentially of Al. It should be noted that the second 
radiation board 2 is employed as a flat plate, i.e., no high 
processing-precision Standards are required for the forma 
tion of the second radiation board 2. 
The configuration according to the present example is also 

suitable for miniaturization of the RF power amplification 
module, as discussed with reference to FIGS. 2A-2E below 
(which is directed to an exemplary RF power amplification 
module including a printed circuit board having a vertical 
dimension of about 10 mm and a horizontal dimension of 
about 15 mm). 

FIGS. 2A and 2B are, respectively, a cross-sectional view 
showing an RF power amplification module according to the 
present example and a plan View showing the first radiation 
board 1 included therein. FIGS. 2C and 2D are, respectively, 
a cross-sectional view showing a conventional RF power 
amplification module and a plan View showing the first 
radiation board 1 included therein. FIG. 2E is a diagram 
illustrating the relative areas occupied by the RF power 
amplification module and the conventional RF power ampli 
fication module with a metal cap 5 or 105 disposed thereon. 
As shown in FIGS. 2C and 2D, if the thickness of the 

radiation board 101 constituted as a Single metal plate is 
increased (for improved radiation) from about 0.3 mm to 
about 1.0 mm in the conventional RF power amplification 
module, an increase of about 1.4 mm results in both the 
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Vertical dimension and the horizontal dimension of the entire 
RF power amplification module. As a result, the area occu 
pied by the RF power amplification module including the 
metal cap 105 increases from about 180 mm to about 220 
mm, i.e., 1.2 fold. 

In contrast, in accordance with the configuration of the 
present example shown in FIGS. 2A and 2B, the same 
radiation level can be attained by the addition of the second 
radiation board 2 having a thickness of about 0.7 mm, 
without increasing the thickness of the first radiation board 
1. Since the size of the entire RF power amplification 
module is determined by the size of the first radiation board 
1, the area occupied by the outline of the RF power 
amplification module does not increase. 

In addition, in accordance with the configuration of the 
present example, the RF power amplification module can be 
easily assembled with high accuracy. That is, the Step of 
mounting the Second radiation board 2 and the printed 
circuit board 6 can be performed by positioning the boards 
2 and 6 with reference to the claws 8 of the first radiation 
board 1, without employing Special jigs for assembly in the 
positioning. Furthermore, the claws 8 of the first radiation 
board 1 also prevent the boards 2 and 6 from moving while 
the Solder is still in a melted State in a reflow furnace. 

It should be noted that the configuration according to the 
present example does not complicate or add to the number 
of assembly Steps in Spite of the increased number of 
radiation boards. That is, a conventional RF power ampli 
fication module is typically assembled by placing a Solder 
plate on the radiation board 101, mounting a printed circuit 
board (with a matching circuit formed thereon) and a power 
FET, and introducing the RF power amplification module 
into a reflow furnace to Secure adhesion between the com 
ponents. On the other hand, the RF power amplification 
module according to the present example only additionally 
requires the insertion of the Second radiation board 2 (with 
a solder plate interposed between the first radiation board 1 
and the Second radiation board 2). By being introduced into 
a reflow furnace, the first radiation board 1 and the second 
radiation board 2, the printed circuit board 6, and the power 
FET 7 can be simultaneously secured. Thus, despite the 
increased number of radiation boards, (i.e., the first radiation 
board 1 and the Second radiation board 2), the present 
example does not increase the production cost due to an 
increased number of assembly Steps. 

Furthermore, the first radiation board 1 and the second 
radiation board 2 can be optionally Solder plated So as to 
increase the wettability for solder, thereby further reinforc 
ing the adhesion between the radiation boards 1 and 2. 

Moreover, the configuration according to the present 
example facilitates the mounting of the RF power amplifi 
cation module onto a mother board of communication 
equipment, or the like, as follows. In Some applications, the 
mounting of the RF power amplification module onto a 
mother board is attained by soldering only the projections 10 
of the radiation board 1, rather than the entire Surface of the 
radiation board 1, to a grounded portion of the mother board, 
in order to facilitate a later detachment of the RF power 
amplification module. In accordance with the conventional 
configuration, Such Soldering can be Securely made only by 
heating the entire RF power amplification module because 
of the good thermal conduction of the relatively thick 
radiation board 101. In contrast, since the projections 10 of 
the radiation board 1 according to the present example can 
be made thin, So that Soldering for the above purpose can be 
achieved through local heating. The Soldering can even be 
achieved by local heating utilizing laser. 
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10 
AS described above, according to the present example, an 

RF power amplification module which is small in size but 
excellent in radiation characteristics can be realized by 
adjusting the thickness of the Second radiation board 2. 
Moreover, the RF coupling between the first radiation board 
1 and the metal cap 5 can be achieved even by utilizing a 
Simple pressing process, while reducing the variation in the 
operation characteristics of the RF power amplification 
modules. The positioning accuracy of the printed circuit 
board 6 can be enhanced even with the conventional assem 
bly method. Furthermore, the mounting of the RF power 
amplification module onto a mother board is facilitated So 
that Soldering is possible through local heating, thereby 
reducing the thermal StreSS applied to the RF power ampli 
fication module during Soldering. 

For the above-mentioned reasons, it is possible, according 
to the present example, to realize a low cost, mass 
producible RF power amplification module having stable RF 
operation characteristics while being Small in Size and 
having excellent radiation characteristics. 

(EXAMPLE 2) 
FIG. 3A is a perspective view showing a metal cap 5 for 

an RF power amplification module according to Example 2 
of the present invention. 

In Example 1, only the first radiation board 1 is provided 
with projections 10. In Example 2, the metal cap 5 of 
Example 2 is also provided with projections 5a, while a first 
radiation board 1 is provided with projections 10. Like 
components are indicated by like numerals as used in the 
above Example, the descriptions thereof being omitted. 
When the RF power amplification module is mounted on 

a mother board, the projections 10 of the first radiation board 
1 and the projections 5a of the metal cap 5 are simulta 
neously Soldered to grounded portions of the mother board. 
Since the metal cap 5 is thus directly soldered to the 
grounded portions of the mother board, not only the thermal 
conduction of the metal cap 5 increases thereby further 
increasing the radiation characteristics, but also an increased 
RF grounding is attained. Thus, an enhanced shielding is 
provided for the RF power amplification module, which is 
very effective in reducing the extraordinary oscillation due 
to redundant transmission of RF signals and reducing redun 
dant irradiation of RF waves. 

FIGS. 3B, 3C, 3D, and 3E are plan views showing 
variations of the RF power amplification module according 
to the present example, illustrating different arrangements of 
the projections 10 and 5a. The metal cap 5 is securely 
grounded in any of the arrangements of the projections 10 
and 5a shown. However, the arrangement shown in FIG. 3C, 
where the projections 10 of the first radiation board 1 and the 
projections 5a of the metal cap 5 are disposed diagonally 
with respect to each other, is especially effective in enhanc 
ing the Shielding for the metal cap 5. 

Since the metal cap 5, as well as the first radiation board 
1, is directly Soldered to the grounded portions of a mother 
board, not only that an improvement in the radiation char 
acteristics and a Secure grounding are attained, but also the 
vibration-resistance of the RF power amplification module 
improves. 

Furthermore, when an RF power amplification module 
including a radiation board 1 and a metal cap 5 that are 
composed of different materials and/or with different thick 
neSSes is mounted on a mother board, there is a problem in 
that the RF power amplification module might be mounted 
obliquely due to the Solder Starting to melt at different times, 
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which is in turn caused by the different thermal conductivi 
ties of the radiation board 1 and the metal cap 5. In contrast, 
by employing a plurality of radiation boards 1 and 2, it 
becomes possible to form the first radiation board 1 and the 
metal cap 5 of the same material and with the same 
thickness, thereby overcoming the problem. 
AS described above, according to the present example, the 

metal cap 5 as well as the first radiation board 1 is directly 
Soldered to the grounded portions of a mother board, So that 
the thermal conduction from the first radiation board 1 to the 
metal cap 5 improves, hence improving the radiation char 
acteristics of the module. Furthermore, an enhanced Shield 
ing is provided for the RF power amplification module, 
thereby reducing variation in the operation characteristics 
and redundant irradiation of RF waves. Furthermore, insuf 
ficient mounting to a mother board is Substantially 
prevented, thereby improving the vibration-resistance of the 
module. 

(EXAMPLE 3) 
FIGS. 4A and 4B are a cross-sectional view and an 

exploded perspective view, respectively, showing the con 
figuration of an RF power amplification module according to 
Example 3 of the present invention. FIG. 4A shows a cross 
Section taken at line 4A-4A in FIG. 4B. 

One feature of the present example is the use of a third 
radiation board 3 in addition to first and second radiation 
boards 1 and 2. Like components are indicated by like 
numerals as used in the above Example, the descriptions 
thereof being omitted. 

The third radiation board3, as well as the second radiation 
board 2, is formed of a material Such as Cu for the sake of 
improving radiation characteristics. The third radiation 
board 3 differs from the second radiation board 2 in that the 
third radiation board 3 is thinner and is provided with a 
through hole 13 Similar to a through hole in a printed circuit 
board 6. A power FET 7 is directly soldered onto the second 
radiation board 2 via the through holes 13 provided in the 
printed circuit board 6 and the third radiation board 3, 
thereby further improving the radiation characteristics of the 
module. 

FIGS. 4C and 4D are enlarged cross-sectional views 
showing the vicinity of the power FET 7. As shown in FIG. 
4C, the portion of the radiation board 2 under the printed 
circuit board 6 typically constitutes a flat plane, So that the 
Solder which has melted during a reflow Step may be 
absorbed under the printed circuit board 6, resulting in 
insufficient soldering between the bottom face of the power 
FET 7 and the second radiation board 2. This problem may 
be overcome by providing a concave portion (e.g., a shallow 
dent) in a portion of the surface of the radiation board 2 
under the printed circuit board 6 corresponding to the power 
FET 7. This is because Some of the Solder will be conve 
niently held in the concave portion, So that Sufficient Solder 
exists in the vicinity of the power FET 7 during a reflow 
Step, thereby reinforcing the Soldering. However, forming a 
concave portion of a desired size and shape in a desired 
position of the radiation board 2 requires a high processing 
precision, which may increase the production cost of the 
radiation board 2. 

Therefore, according to the present example, the third 
radiation board 3 having the through hole 13 is employed in 
conjunction with the Second radiation board 2, thereby 
forming a concave portion in the portion corresponding to 
the power FET 7 to be mounted. As a result, a pool of solder 
emerges in the through hole 13 of the third radiation board 
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3, thereby reinforcing the soldering between the power FET 
7 and the second radiation board 2. Thus, the thermal 
conduction to the Second radiation board 2 is enhanced, 
while reducing assembly faults of Semiconductor packages 
due to insufficient Soldering. 
AS in Example 1, the radiation boards 1, 2, and 3, the 

printed circuit board 6, and the power FET 7 can be 
Simultaneously Secured by being introduced into a reflow 
furnace while employing Solder plates. By optionally Solder 
plating the third radiation board 3, the adhesion can be 
further reinforced. 
AS described above, according to the present example, a 

concave portion is formed under the power FET 7 by adding 
a radiation board 3 having the through hole 13, which 
defines an extension of the through hole 13 of the printed 
circuit board 6. As a result, a Solder pool emerges in convex 
portion formed by the through hole 13, thereby reinforcing 
the soldering between the power FET 7 and the second 
radiation board 2. 

Thus, the radiation characteristics of the module are 
improved, while reducing assembly faults. 

(EXAMPLE 4) 
FIG. 5A is a view describing the outline of a print circuit 

board 6 for the RF power amplification module according to 
Example 4 of the present invention. 
One feature of the present example is the projections 18 

(depicted in the circles in FIG. 5A) provided at the edges of 
a through hole 20 formed in the printed circuit board 6. The 
projections 18 are conveniently utilized for the positioning 
of a power FET (not shown in FIG. 5A) to be mounted. 

In order to improve the radiation characteristics of an RF 
power amplification module, directly Soldering a power FET 
to a radiation board via the through hole 20 in the printed 
circuit board 6 is very effective. Herein, a “through hole” is 
defined to include, not only a through hole 19 shown in FIG. 
5A, which is completely surrounded by the printed circuit 
board 6, but also the through hole 20 which is partially open 
where a portion of the printed circuit board 6 has been 
removed. 

FIG. 5B is a view describing the outline of a print circuit 
board 6 for an RF power amplification module, including 
through holes 19 and 20 having different sizes from each 
other. 
The through hole 19 is completely surrounded by the 

printed circuit board 6 on all sides. However, the size of the 
through hole increases in the case where two power FETs are 
provided Side by Side, e.g., for an increased output power, 
which may become a bottleneck for the small size of the 
entire RF power amplification module. Specifically, in the 
layout shown in FIG. 5B, the size of the through hole 
dictates the vertical size of the printed circuit board 6. 

In contrast, the size of the printed circuit board 6 can be 
kept relatively Small by removing the upper Surrounding 
portion of the printed circuit board 6 above the through hole 
20, as shown in FIG. 5B. However, it should be noted that 
the size of the through hole cannot be designed to be Smaller 
than the size of the power FET(s). If the through hole 20 is 
Smaller than the size of the power FET(s) along its vertical 
dimension, the power FET(s) inevitably projects from the 
upper edge of the through hole 20, thereby making it 
impossible to attach the metal cap thereon. In view of the 
variation during production of the printed circuit boards 6 
and packages of the power FETs, the through hole should be 
designed with Some margin, as indicated by the broken line 
in FIG. 5B. 
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However, in the case where the through hole is open on 
one side, the difficulty in positioning the power FET during 
the assembly increaseS relative to the case where the through 
hole is surrounded by the printed circuit board on all sides. 
In Some cases, an unsecured power FET during a reflow Step 
may shift from the predetermined position, which results in 
a deviation from the designed wiring length, which in turn 
results in the degradation of the operation characteristics of 
the RF power amplification module. Therefore, assembling 
an RF power amplification module including Such a printed 
circuit board requires an assembly jig for positioning pur 
poses. If one wishes to eliminate the need of Such an 
assembly jig during assembly, a thin Strip of the upper 
portion of the printed circuit board 6 may be left unremoved, 
as indicated by the broken line above the through hole 20 
shown in FIG. 5B. 

However, the width of such a thin strip of the printed 
circuit board 6 above the through hole 20 is subject to the 
constraints described below: 
As shown in FIG. 5C, the printed circuit board 6 for an RF 

power amplification module is generally produced in the 
form of a collective substrate from which a number of pieces 
are to be obtained, the pieces being Separated from one 
another at the Split lines 21 after chip components are 
mounted. If the width of the strip of the printed circuit board 
6 above the through hole 20 is too small, the printed circuit 
board 6 may break above the through hole 20 during the 
Splitting proceSS due to insufficient Strength therein. In view 
of the required Strength of the printed circuit board 6 during 
the Splitting process, the Strip portion of the printed circuit 
board 6 must at least be about 2 mm wide above and around 
the through hole 20. However, this causes the size of the 
printed circuit board 6 to be larger than is desired, thereby 
hindering the miniaturization of the RF power amplification 
module. 

Therefore, according to the present example, the projec 
tions 18 for fixing the position of a relevant semiconductor 
package (depicted in the circles in FIG. 5A) are provided at 
the edges of the through hole 20. In this case, the margin to 
be provided above the through hole 20 is only about 0.2 mm 
wide, while Securing a Sufficient Strength to withstand the 
Splitting process. As a result, a miniaturized RF power 
amplification module can be realized without allowing the 
printed circuit board 6 to be broken during the Splitting 
proceSS. 

Since the projections 18 are formed, it is possible to 
achieve an accurate positioning without requiring a particu 
lar assembly jig for positioning purposes. As a result, 
variation in the operation characteristics among RF power 
amplification modules can also be reduced. 

Although the projections 18 are illustrated as triangular in 
FIG. 5A, any other shape, e.g., rectangles, arcs, etc. can 
attain the same effect. 
AS described above, according to the present example, the 

through hole 20 provided in the printed circuit board 6 for 
improving radiation characteristics is formed So as to be 
open on one side, with the minute projections 18 provided 
at the edges thereof, whereby the size of the printed circuit 
board 6 can be reduced. Moreover, the power FET can be 
accurately positioned during the mounting process without 
requiring a particular assembly jig for positioning purposes. 
AS a result, variation in the operation characteristics among 
RF power amplification modules can also be reduced. 

(EXAMPLE 5) 
FIG. 6 is an exploded perspective view showing the 

configuration of an RF power amplification module accord 
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14 
ing to Example 5. While the fundamental structure of the RF 
power amplification module is the same as that of the RF 
power amplification module according to Example 1, 
through holes 25 are additionally provided in a second 
radiation board 2. 

In order to improve the radiation characteristics, it is 
necessary to firmly Solder together a plurality of radiation 
boards. Attaining Such a firm Soldering requires the Solder to 
be melted in a uniform spread, as well as requiring the 
amount of Solder Supplied during assembly to be increased. 
While increasing the process temperature and/or proceSS 
time at a reflow furnace during the assembly may prove 
effective for that purpose, it also has a disadvantage related 
to the reliability of the products. Increasing the amount of 
Solder, on the other hand, may cause exceSS Solder to flow 
to the projections 10 of the first radiation board 1. As a result, 
when the metal cap 5 is attached, the cap 5 may stay off the 
first radiation board 1 with a Small gap therebetween, So that 
the bumps 12 may not properly engage with the dents 9. In 
Such cases, the operation characteristics of the RF power 
amplification module may become unstable. 
According to the present example, the Second radiation 

board 2 is provided with the through holes 25 for allowing 
Solder to pass through (i.e., for the different purpose from a 
through hole 13 provided in the printed circuit board 6 which 
is intended to accept the power FET). By the solder spread 
ing uniformly on both Sides of the Second radiation board 2 
via the through holes 25, any undesired interSpace between 
the radiation boards 1 and 2 is eliminated, thereby further 
reinforcing the Soldering. It also reduces exceSS Solder 
leaking out. 
The through holes 25 are preferably positioned away from 

the portion in which the power FET is to be mounted. This 
is because a Solder pool in Such a portion corresponding to 
the power FET would enhance the soldering of the power 
FET and the radiation characteristics. Thus, it is rather 
preferable for Solder to Stay at that position without Spread 
Ing. 
AS described above, according to the present example, the 

through holes 25 are provided in the second radiation board 
2 So as to firmly Solder together a plurality of radiation 
boards while preventing Solder from leaking out from 
between the radiation boards. As a result, an RF power 
amplification module having Stable operation characteristics 
can be provided. 

(EXAMPLE 6) 
FIG. 7A is an exploded perspective view showing the 

configuration of an RF power amplification module accord 
ing to Example 6. While the fundamental structure of the RF 
power amplification module is the same as that of the RF 
power amplification module according to Example 1, 
grooves 26 are additionally provided at the ends of a Second 
radiation board 2. 
AS explained in Example 5, in order to improve the 

radiation characteristics of an RF power amplification 
module, it is necessary to firmly Solder together a plurality 
of radiation boards, which requires an ample Supply of 
Solder while preventing exceSS Solder from leaking into 
undesirable portions. Accordingly, the grooves 26 are pro 
Vided at the ends of a Second radiation board 2 in the present 
example So that the exceSS Solder flows through the grooves 
26 to spread on both sides of the second radiation board 2. 
This also reduces the leaking of exceSS Solder to the first 
radiation board 1. 

FIG. 7B is an enlarged perspective view showing the 
portion encircled in FIG. 7A. FIG. 7C shows a cross section 
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taken at line 7A-7A in FIG. 7B. It is preferable to form the 
grooves 26 along the projections 10 of the radiation board 1 
as shown in FIGS. 7B and 7C because the grooves 26 in Such 
positions would not allow leaked Solder to affect the attach 
ment of the metal cap 5, thereby further improving the 
assembly yield of the RF power amplification module. 
AS described above, according to the present example, a 

plurality of radiation boards can be more firmly soldered 
together due to the grooves 26 formed in the Second radia 
tion board 2, thereby improving the radiation characteristics. 
Moreover, assembly faults due to leakage of Solder can be 
reduced. 

(EXAMPLE 7) 
FIG. 8A is an exploded perspective view showing the 

configuration of an RF power amplification module accord 
ing to Example 7. While the fundamental structure of the RF 
power amplification module is the same as that of the RF 
power amplification module according to Example 1, edges 
of the Second radiation board 2 are chamfered. 

The Second radiation board 2 is preferably as large as the 
miniaturization requirement for the entire RF power ampli 
fication module allows, in order to improve the radiation 
characteristics. Accordingly, the Second radiation board 2 is 
designed with dimensions which are very close to acceptable 
values in view of the inner dimensions of claws 8 of the first 
radiation board 1. However, such little margin between the 
second radiation board 2 and the claws 8 may allow an 
interspace to be created between the Second radiation board 
2 and the first radiation board 1 after the claws 8 are bent (as 
shown in FIG. 8B), since the claws 8 are not likely to be bent 
precisely orthogonally. 

Therefore, according to the present example, at least the 
edges of the Second radiation board 2 on the Side that is fixed 
onto the first radiation board 1 are chamfered to reveal 
additional faces. As a result, as shown in FIG. 8C, the first 
radiation board 1 and the Second radiation board 2 can be 
firmly joined together without being influenced by the claws 
8, thereby providing stable radiation effects. 

The additional faces to be revealed after the chamfering 
can be planes or curved faces. Since the printed circuit board 
6 is fixed onto the Second radiation board 2 according to the 
present invention, the printed circuit board 6 can be designed 
with little margin without being influenced by the claws 8. 
Thus, the positioning variation due to the claws 8 is reduced, 
whereby Stable operation characteristics are obtained. 
AS described above, according to the present example, 

edges of the Second radiation board 2 are chamfered, So that 
a minor variation occurring in the processing of the pack 
ages will not result in the claws 8 influencing the relative 
positions of the radiation boards 1 and 2, which are Suc 
cessfully attached to each other in close contact. Thus, the 
RF power amplification modules according to the present 
example can be stably produced. 
AS described above, according to the present invention, 

there is provided an RF power amplification module which 
is Small in size and has excellent radiation characteristics. 
Thus, the heating of the power FET in the RF power 
amplification module can be controlled, whereby the opera 
tion characteristics of the RF power amplification module 
can be improved. 

Moreover, according to the present invention, the Shield 
ing by the metal cap is enhanced So that variation in the 
operation characteristics is reduced. Furthermore, assembly 
faults can be reduced so that the mass-producibility of the 
RF power amplification module is improved. 
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Furthermore, according to the present invention, the 

vibration-resistance of the RF power amplification module 
can be improved, and the mounting of the RF power 
amplification module onto a mother board is facilitated. AS 
a result, the reliability of the RF power amplification module 
is improved. 

Various other modifications will be apparent to and can be 
readily made by those skilled in the art without departing 
from the Scope and Spirit of this invention. Accordingly, it is 
not intended that the Scope of the claims appended hereto be 
limited to the description as set forth herein, but rather that 
the claims be broadly construed. 
What is claimed is: 
1. A radio frequency power amplification module com 

prising: 
a radiation Section; 
a printed circuit board attached to the radiation Section; 
a Semiconductor device for power amplification, 
mounted on the printed circuit board; and 

a Cap, 

wherein the radiation Section includes a plurality of 
radiation boards, the plurality of radiation boards at 
least including a first radiation board as a lowermost 
layer, and a Second radiation board attached onto the 
first radiation board, the first radiation board being 
coupled to the cap and wherein a common through 
hole, aligned with the Semiconductor device, is pro 
vided in the printed circuit board. 

2. A radio frequency power amplification module accord 
ing to claim 1, wherein the Second radiation board is thicker 
than the first radiation board. 

3. A radio frequency power amplification module accord 
ing to claim 1, wherein the first radiation board comprises a 
resilient material and the Second radiation board comprises 
a material having a high thermal conductivity. 

4. A radio frequency power amplification module accord 
ing to claim 1, wherein a recessed portion is formed in a 
portion on a Surface of the Second radiation board which is 
aligned with the mounted Semiconductor device for power 
amplification. 

5. A radio frequency power amplification module accord 
ing to claim 1, wherein a through hole is provided in the 
Second radiation board. 

6. A radio frequency power amplification module accord 
ing to claim 1, wherein a groove is formed at one end of the 
Second radiation board. 

7. A radio frequency power amplification module accord 
ing to claim 1, wherein on at least a Surface of the Second 
radiation board that is attached onto the first radiation board, 
at least one end is chamfered. 

8. A radio frequency power amplification module com 
prising: 

a radiation Section including a plurality of radiation 
boards, 

a printed circuit board attached to the radiation Section; 
and 

a Semiconductor device for power amplification, mounted 
on the printed circuit board, 

wherein a common through hole aligned with the Semi 
conductor device is provided in the printed circuit 
board and one of the plurality of radiation boards that 
is positioned most closely to the printed circuit board. 

9. A radio frequency power amplification module com 
prising: 

a radiation Section; 
a printed circuit board attached to the radiation Section; 
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a Semiconductor device for power amplification, 
mounted on the printed circuit board; and 

a Cap, 

wherein a projection is provided on the radiation Section 
and a projection is provided on the cap, the projections 
having bottom faces at the same level with each other. 

10. A radio frequency power amplification module 
according to claim 9, wherein the radiation Section includes 
a plurality of radiation boards. 

11. A radio frequency power amplification module com 
prising: 

a radiation Section; 
a printed circuit board attached to the radiation Section; 

and 
a Semiconductor device for power amplification, 
mounted on the printed circuit board, 

wherein a through hole is provided in the printed circuit 
board, the through hole being open on a first Side and 
on the remaining sides the through hole is Surrounded 
by the printed circuit board, and a projection is pro 
vided at an edge of the first side of the through hole, the 
projection being available for positioning of the Semi 
conductor device for power amplification during 
mounting. 

12. A radio frequency power amplification module 
according to claim 11, wherein the radiation Section includes 
a plurality of radiation boards. 

13. A radio frequency power amplification module com 
prising: 

a radiation Section; 
a printed circuit board attached to the radiation Section; 

and 

a Semiconductor device for power amplification, mounted 
on the printed circuit board, 

wherein a recessed portion is formed in a portion on a 
Surface of the radiation Section which is aligned with 
the mounted Semiconductor device for power amplifi 
cation. 

14. A radio frequency power amplification module 
according to claim 8, wherein a first radiation board of the 
plurality of radiation boards is thicker than a Second radia 
tion board of the plurality of radiation boards. 

15. A radio frequency power amplification module 
according to claim 10, wherein a first radiation board of the 
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plurality of radiation boards is thicker than a Second radia 
tion board of the plurality of radiation boards. 

16. A radio frequency power amplification module 
according to claim 12, wherein a first radiation board of the 
plurality of radiation boards is thicker than a Second radia 
tion board of the plurality of radiation boards. 

17. A radio frequency power amplification module 
according to claim 8, wherein a first radiation board of the 
plurality of radiation boards comprises a resilient material 
and a Second radiation board of the plurality of radiation 
boards comprises a material having a high thermal conduc 
tivity. 

18. A radio frequency power amplification module 
according to claim 10, wherein a first radiation board of the 
plurality of radiation boards comprises a resilient material 
and a Second radiation board of the plurality of radiation 
boards comprises a material having a high thermal conduc 
tivity. 

19. A radio frequency power amplification module 
according to claim 12, wherein a first radiation board of the 
plurality of radiation boards comprises a resilient material 
and a Second radiation board of the plurality of radiation 
boards comprises a material having a high thermal conduc 
tivity. 

20. A radio frequency power amplification module 
according to claim 13, wherein the radiation Section includes 
a plurality of radiation boards. 

21. A radio frequency power amplification module 
according to claim 20, wherein a first radiation board of the 
plurality of radiation boards is thicker than a Second radia 
tion board of the plurality of radiation boards. 

22. A radio frequency power amplification module 
according to claim 20, wherein a first radiation board of the 
plurality of radiation boards comprises a resilient material 
and a Second radiation board of the plurality of radiation 
boards comprises a material having a high thermal conduc 
tivity. 

23. A radio frequency power amplification module 
according to claim 9, wherein the projection provided on the 
radiation Section and the projection provided on the cap are 
Separated by a lateral interval. 
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